Observed charge states and spectra
Charge state distributions containing approximately 50% heliumlike uranium and 20% hydrogenlike uranium have been observed' by stripping 200 MeV /nucleon uranium in approximately 30 mg/cm2 of aluminum. Beams of up to 85% bare U 92 + have been produced by stripping 962 MeV /nucleon uranium in Cu and Ta foils. 2 Relativistic uranium is obtained from the Lawrence Berkeley· Laboratory's Bevalac-the Super-HILAC and the Bevatron operating in tandem.
High energy x-rays produced by radiative electron capture (REC) onto bare-and one electron-uranium have been observed. 3 The angular dependence of the REC radiation and the REC cross sections for capture of electrons into the uranium K shell from materials of different atomic number has been measured. 3 These and other experiments 4 have observed n=2 . . . . . n=l transitions from hydrogenlike and heliumlike uranium.
Quantum Electrodynamics

2
The fine structure splittings of hydrogenlike and heliumlike very high-Z atoms have large contributions from quantum electrodynamics (QED). The Lamb shift in hydrogenlike uranium is approximately 75 eV. 5 The major contributions to the Lamb shift in hydrogenlike uranium: the self energy 6 ; the vacuum polarization;? and the finite nuclear size 7 contribute 66 eV, -17 eV, and 35 eV respectively to the 2 2 S 112 state binding energy and 10 eV, -3 eV, and 2 eV for the 2 2 P 1 / 2 state. (A positive value indicates a decrease in binding energy.)
While the size of the QED terms is impressive, even more striking is the contribution of higher order terms in the self energy. These are terms which are not. observed in present Lamb shift and fine structure measurements. If we write the self energy l::n in a power series in a and Za, where a is the fine structure constant we have: Where n is the principal quantum number and m 0 is the electron mass. V~lues of the coefficients A 40 -A 70 can be found in Ref. 8,9. Comparing an exact calculation of the self energy by Mohr 6 with Eq. 1. yields a value for the sum of the higher order terms. In hydrogen the higher order terms contribute less than 1 ppm to the Lamb shift. By comparison the most precise measurement of the Lamb shift in hydrogen is has an uncertainty of about 8 ppm 10 . In hydrogenlike argon (Z= 18) the higher order terms contribute about 1%. Present measurements 11 in this range of atomic number have accuracies, which at best, allow the higher order terms to be observed but not measured. Figure 1 shows that the higher order terms in the self energy become dominant as Z becomes very large. A consequence of this high-Z behavior is that it would be possible to have a 
Experiments in hydrogenliR:e and heliumlike uranium
An examination of the energy level diagrams of hydrogenlike uranium ( Fig. 2 ) and heliumlike uranium (Fig. 3 ) suggest a number of experiments. Because of unusual features of the energy levels, some of these experiments are only appropriate in very high-Z atoms. (The energy levels of hydrogenlike uranium were tabulated using the Dirac energy 1 2 plus self energy, vacuum polarization and finite nuclear size correction. 5 -7 The finite nuclear size correction to the self energy and vacuum polarization is n~glected. The non-QED contributions to the energy levels for heliumlike uranium were obtained from Lin, Johnson and Dalgarno 13 to which were added the one-electron self energy and vacuum polarization. 6 · 7 The lowest order correction 14 to the QED terms for the presence of the second electron, of order 1 /Z, is neglected. These values for heliumlike uranium are in general agreement with values calculated by Goldman and Drake 15 The self energy contri bution 6 to the 2 2 ? 312 -1 2 S 112 transition in hydrogenlike uranium is roughly 350 eV out of a transition energy of 102.2 keV. However the 2 2 P 3 / 2 state also decays to the 2 2 S 112 state about 0.2% of the time. This much higher branching ratio than for lower-Z hydrogenlike atoms is a consequence of the higher Z dependence for the fine structure splitting than for the Rydberg levels. The self energy contribution here is about 57 eV out of a transition C.· energy of 4490 eV -a substantially higher ratio and an easier photon energy to measure than the 102.2 keV x-ray. It should be noted however that the radiative width of the 2 2 P 1 / 2 and 2 2 ? 3 / 2 states is about 30 eV.
In heliumlike uranium the 2sp 0 and 2 3 P 2 states have much smaller radiative level widths since single photon El decay to the ground state is forbidden. Also the 2sP 2 state, the analog of the hydrogenlike 2 2 ? 3 / 2 state, has a branching ratio to the 2 3 S 1 state of 30%. This transition has roughly the same QED terms and transition energy as the hydrogenlike 22? 3 / 2 -2 2 Sv 2 but with a narrow linewidth and a much higher intensity due to a favorable branching ratio.
The other metastable P state, the 2 3 P 0 state, decays by El to the 2 3 S 1 state, some 255 eV below. Since the self energy contribution6 to this splitting is 56 eV the photon wavelength is very sensitive to QED effects. Directly measuring the photon energy in this energy region from a source moving at roughly half-the-speed-oflight may be difficult with presently available 10 5 uranium ions per second. An alternate method is to measure the lifetime of the 2 3 P 0 state, and subtract out the calculated E 1M 1 decay rate 19 to obtain the El decay rate for 2'3? 0 -2 3 S 1 . From the experimental decay rate and the El matrix element the 2sP 0 -2ss 1 energy splitting can be deduced. (The ElMl decay rate is not sensitive to QED effects and the El matrix element for 2 3 ? 0 -2ss 1 is accuracy known. 16 · 20 · 21 ) This technique was used 21 in 1975 to determine the 2 3 ? 0 -2 3 S 1 fine structure splitting in heliumlike krypton (Z=36).
Measurements of transition energies in heliumlike (and , . ..:.:, ( hydrogenlike) uranium can be interpreted as a test of QED only to the extent that the non-QED terms are accurately known. The agreement between theory and experiment of the 2 3 P 2 -2 3 8 1 and z3p 0 -2 3 5 1 fine structure splittingsHi.22 for lower-Z heliumlike ions sets an upper limit of about 1 eV for the uncertainty in calculating the contribution from the interaction between the electrons. Since measurements in heliumlike uranium are primarily a test of the higher order terms in the self energy, a few eV uncertainty in the theory for the fine structure splitting is not presently a serious handicap. For both hydrogenlike and heliumlike uranium, the uncertainty in the nuclear radius contributes an uncertainty of about 1 -2 eV for the 2P -2S transitions and perhaps 5 -10 eV for transitions involving the 1S ground state. Figure 3 also shows that there is a near degeneracy between the 2 1 5 0 and the 2 3 ? 0 states in heliumlike uranium. Thus at or near Z=92 these levels may be close to degenerate. Since the 2 3 ? 0 state decays with a lifetime of ~ 50 ps, (roughly 1 em decay length at half-the-speed-of-light) any mechanism which produced a significant mixing of the 2 3 ? 0 and 2 1 5 0 states would produce an experimentally observable signal. It should be noted however that no single photon transition can connect these j=O states.
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Figure Captions
Fig. 1 . Ratio of the higher order terms in the self-energy to the total self energy .. The series expansion value for the selfenergy, calculated from terms through A 70 , changes sign near Z=60, aUowing the ratio to exceed 1 for very high-Z. 
